in patients undergoing liver or kidney transplant, thus preventive measures are necessary. Most of these cases can receive routine dental care but an written accepted protocol is not available yet (1, 2) . As after transplantation, immunosuppressive drug suppresses the immunity of the patients, the spread of any infection can be life threatening. Carious lesion and periodontal pockets intrude microorganisms and release toxins into the bones of the jaws, which may be restricted to the periapical area by defense mechanism of bone, producing no sign or symptom. If these lesions remained in the jaw, they can be activated after transplantation with disastrous consequences. Some authors maintain that brain and liver pyogenic abscess maybe related to oral infections (3) (4) (5) . Elimination of all infection centers before transplanting patients is mandatory. Dentists are responsible for the eradication of any active or potential foci of infection in the mouth of such patients. They must restore all treatable teeth and any questionable and/or untreatable tooth should be extracted to ensure no risk of infection spread after transplantation. Beside the teeth, bones are also in paramount importance and should be evaluated completely. Changes in bone metabolism, caused by kidney and liver diseases, lead to osteopenia (6, 7) . Unhealthy and osteopenic bone is more vulnerable to chemical, physical and infective insults and more destruction is expected in these cases (6, 7) . In addition to dental aspects, bone status is important to other branches of medicine in order to eliminate or reduce complications such as fractures or dysfunctions and pain (1) (2) (3) . Panoramic radiographs are extensively used in routine dental examinations. They employ a relatively low dose technique which covers a large area of skull, including all teeth, both jaws and surrounding bones. This technique is accessible, cheap, and easy to perform, understand and interpret (8) .
Since a large amount of bones is visualized in panoramic view, it may be used as a screening radiograph for evaluating the bone changes by expert physicians. Osteolytic changes of many diseases have been traced in panoramic views in many studies and the efficacy of these graphs for primary bone evaluation is confirmed. The bony changes in panoramic views may be considered as an encouraging sign for more detailed and specific bone evaluation to prevent serious consequences as much as possible. Researchers estimate that oral symptom will be shown in more than 90% of patients with CRF which could be evaluated clinically or radiographically (9) . Oral mucosa, teeth, salivary gland and jaw bone may be affected (10) . Most of changes may be detected in panoramic views. One of the most important complications of CLF is osteodystrophy which results to bone fragility and increased incidence of bone fractures, leading to pain and long lasting immobility and deformity (11) . In this regards, Bras et al found that panoramic radiograph of patients with CRF represent a lack of cortical bone at the mandibular angle (12) . Bandeira et al reported that periodontal disease progression, absence of lamina dura, deviations in trabecular pattern and brown tumor can be found in patients who receiving hemodialysis (13) . In another study, 58% of cases on hemodialysis, showed abnormalities in maxilla and mandibular bone such as; osteoporosis, loss of lamina dura or reduction in lamina dura thickness, brown tumor and focal osteosclerosis adjacent to tooth roots (14) . A radiographic study in 40 patients with chronic renal failure, showed a consequential reduction between skeletal changes and reduction in lamina dura thickness and trabecular pattern (15) . Shakibaei et al, observed alteration in trabecular pattern and changes in jaw bone density (16) . The frequency of bone disease in cirrhotic patients was reported to be 12% to 55% by Patel et al (17) . In the study by Dagistan et al, pathologic defects with ground-glass appearance were seen in the mandible (18) . Although many aspects of CKD and CLF have been searched, there are few studies about the effect of these diseases on jaw bones in literature. Since inferior mandibular cortex is used as an index in osteoporosis especially in dental radiographies (19) , this study is designed to assess the effect of CRF and CLF on the inferior mandibular cortex on panoramic views of patients. If significant relationship is discovered, this dental radiograph may be used as a sign for evaluating the bone status of the patients with CKD or CLF.
Patients and Methods

Study group
This analytical cross-sectional study was conducted on 252 panoramic views consisting of 126 CKD and CLF patients candidates for kidney or liver transplant (57 females, 69 males, aged between 20-70 years) and 126 healthy ones (47 females, 79 males, aged between 18-70 years old). All patients had been referred to the dental clinic (Shiraz, dental school Shiraz-Iran) for pretransplant oral examination. A control group (healthy people), with matched age and sex, that visited the same clinic for routine dental care between 2015 and 2016 was retrieved to determine the thickness of inferior mandibular cortex. After obtaining a writteninformed consent, radiographs with acceptable quality from dentate patients entered the study. Patients with metabolic bone disease (thyroid disease, hyperparathyroidism and cushing disease), history of radiotherapy, anemia, corticosteroid medication and a history of smoking were excluded from the study. Demographic data including sex, age and duration of their disease were registered.
Imaging procedures
Panoramic views were prepared by a Planmeca XC Proline panoramic machine (Helsinki, Finland). Exposure factors were adjusted according to the size and age of the patients (57-85 kVp, 10 mA), using Agfa PSP receptors (Germany). The images were observed on a Barco monitor (China) in a semi-darkened room. All radiographs were evaluated by an oral and maxillofacial radiologist and a last year student.
Measurements
Drawing a tangent line with inferior border of mandible, cortical thickness was measured on three reference points (along with the apices of second premolar (S1), second molar (S2) and the middle of the coronoid process and the condyle (S3) on both left and right sides using marking gauge in Agfa program ( Figure 1 ). The mean of measured three thicknesses was mentioned as the final value.
Ethical considerations
The research followed the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients who participated in the study. All information about individuals was coded and kept confidential. This study was approved by the Ethics Committee of Shiraz University of Medical Sciences.
Statistical analysis
All data were collected and analyzed using SPSS software (version 18; SPSS Inc., Chicago, IL, USA). The Pearson's correlation coefficient test was used in order to determine the relationship between mandibular cortical thickness and duration of disease. Student's t test was performed to show the relation between age groups and mandibular cortical thickness. To compare the three index points, repeated measure analysis of variance (ANOVA) test was employed. The mean of the mandibular cortical thickness in all groups (kidney, liver and control) was evaluated by one-way ANOVA and Tukey test and P < 0.05 was accepted as significant.
Results
A total of 43 CKD patients (27 males and 16 females), with end-stage renal disease undergoing maintenance dialysis, were entered to the study. The patients ranged in age from 20 to 70 years old. The duration of dialysis ranged from one to 96 months with a median duration of 23.2 ± 27.41 months. Totally, 83 patients with CLF consisting of 53 men and 30 women, aged between 8 and 68 years, participated in the study. Duration of their disease was between 2 and 216 months with a medium duration of 51.1 ± 63.25 months. One hundred twenty-six healthy controls (79 males and 47 females with the age range of 8-70) were also recruited in the study. Descriptive statistics for age and sex variables are showed in Table 1 . In CKD patients, the mean of the thickness of inferior mandibular border was 2.67 ± 0.54 mm, for CLF group the amount was 2.77 ± 0.52 mm and for the control group was 3.38±0.43 mm. The mean of the cortical thickness was significantly different in patients and controls (P < 0.001) ( Table 2 ). There was no significant difference between kidney and liver groups in thickness of inferior mandibular cortex. Statistical analysis did not show a significant correlation between the length of the disease and the cortical changes in CKD patients (P = 0.28, r = 0.19) and CLF patients (P = 0.79, r = 0.03). There was statically significant relationship between cortical thickness and sex. The mean of cortical thickness in males of the CLF group was 2.87 ± 0.55 mm and in females was 2.61 ± 0.41 mm. In male CKD group, the mean of cortical thickness was 2.85 ± 0.45 mm and in females, it was 2.4 ± 0.56 mm. The mean of cortical thickness in females and males of the healthy group showed no significant differences (Table 3) .
Comparing all three points together, statistical analysis showed that S1 (3.66 ± 0.04 mm) had the maximum thickness, followed by S2 (3.04 ± 0.03 mm) and S3 (2.15 ± 0.03 mm) (in three groups P < 0.001). There was no significant interaction effect between groups and measurement (P = 0.135). This means that the changes in thickness were similar among groups.
Discussion
The incidence of chronic renal failure continues to rise worldwide. Data on the epidemiology of CRF are available in many counties. Incidence of CKD is 377 per million in the United States. CKD increases with age and males are more commonly affected than females (18) . The dialysis patient's number in Iran is almost 13 000 and the renal transplant patient's number is almost 17 000. In addition, it is estimated that yearly 1500 people will be added to the group of dialysis patients (16 (20) . The number of pediatric liver transplantation undertaken in the United States has increased dramatically in recent years. The survival of these patients approaches 80%-90% at 1 year and 64%-78% at 5 years (21). Elimination of dental infection foci has been recommended before liver transplantation because lifelong immunosuppression may predispose to infection spread. Bone disease is a major complication of chronic liver disease and contributes to the morbidity, poor quality of life. It also negatively impinges upon the survival of patients with chronic liver disease and those waiting for or who have received a liver transplant. Osteoporosis which is quite common, occurring in up to 50% of patients, may result in spontaneous or low impact fractures in patients with chronic liver disease, adversely affecting morbidity, quality of life and survival (22) . CLF patients commonly have low weight and malnutrition. One of the risk factor for osteoporosis is lower weight or bone mineral index (BMI). It is hypothesized that adipocyte produced and released leptin which play a key role in bone metabolism regulation. This product increases proliferation of osteoblast, bone matrix synthesis and consequently increased bone formation. Leptin also causes to receptor activator of nuclear factor kappa-B ligand (RANKL) production inhibition and diminishing bone resorption. Patients with cholestatic liver disease also show decreased leptin levels (23) (24) (25) . The prevalence of bone fractures was 20.8% in primary biliary cirrhosis patients (26) . The prevalence of osteoporosis in patients with cirrhosis is between 12% and 55% (27) . It is reported that the low bone mass density was an important risk factor for fracture (28) . End-stage renal disease results in some pathological changes in different organs. Between them, noticeably, bone changes are prominent and refer to renal osteodystrophy (16) . Approximately, 90% of CKD cases are involved in jaw bone changes (10) . Bone anomalies in CKD patients reflect the defect in metabolism of calcium which results in secondary hyperparathyroidism. This problem is seen in up to 92% of patients under hemodialysis (29) . Most authors in the field of organ transplantation agree that teeth with obvious infections, and all non-restorable teeth, must be extracted prior to transplantation. Therefore, patients should be reminded of earlier dental treatment and the importance of good oral hygiene habits (30) . Owing to oral complications, these patients require to visit a dentist before and after transplantation (10) . Dental panoramic radiographs have a long history of radiological exam in dentistry. Jawbones and related structures have been shown in recent clinical studies to play a critical role in the identification and evaluation of patients with low bone mineral density (9) . It is worthy of mention that the panoramic X-ray is used in the routine of all the types of dental patients (14) . Radiographic changes of the mandible could be interpreted as a sign of osteopenia. It also appears to be a reliable tool for osteoporosis screening. The mandibular cortical width, which can be measured in panoramic radiography, may help to diagnose osteoporosis in postmenopausal women (31) . The current study aimed at evaluating the thickness of mandibular cortex in CKD and CLF patients using panoramic view. To the best knowledge of authors, there is no absolutely similar study in literature. To compare the results, having studied other aspects of CKD and CLF, the researchers have reported the most near ones: Bras et al found a loss of cortical bone at the mandibular angle in panoramic view of CKD patients. In the present study, we also found this loss of mandibular cortical thickness (12) . In a study conducted in Iran in 2001, a significant relationship was found between age and cortical changes in CKD patients. Furthermore, males were reported to be more commonly affected than female. Our study evaluated relationship between mandibular cortical thickness and other variables, including sex, and age (32) . Similarly, in our study, males showed a more prevalence of CKD, but we found no significant relationship between age and cortical changes in patients. The difference may be attributed to observers (i.e., general radiologist in that study and maxillofacial radiologist in our study) and to radiographs which were digital panoramic in the present study. Queiroz et al evaluated the oral condition of patients with CKD undergoing dialysis and determined the influence of dialysis duration and bone metabolism on the prevalence and severity of the alterations. No significant correlation was observed between dialysis duration, biochemical alteration and oral health (33) . These findings are compatible with our results, although we focused on bony changes of mandible. Shakibaei et al, found that the relationship between lamina dura changes and duration of dialysis was not significant. Also she noticed a significant relationship between the patterns of bone trabecular and sex in patients (16) . Similarly our research showed no relationship between the duration of dialysis and cortical changes, but there was a significant relationship between sex and cortical changes. Dagistan et al found a significant decrease in antegonial index, gonial cortical bone thickness, and gonial angle values in chronic renal failure patients. Additionally, mandibular canal wall resorption was also statically significant (18) . Similarly, in this study we found a significant difference between cases and controls in mandibular cortical thickness. Likewise, Monegal et al measured bone mass of the lumbar spine and femur by dual x-ray absorption. They showed a significant decrease in bone mass, particularly in the lumbar spine, in end stage cirrhotic patients. They also found reduced bone formation and significant disorders of bone mineral metabolism in liver patients (34) . Similarly, we found a decrease in bone tissues detected as the reduction of mandibular cortical thickness. Accordingly, George et al detected patients with liver cirrhosis have low BMD (35) , which can be interpreted to be in line with the findings of our study. Regarding these similarities, the ominous changes of inferior mandibular cortex may be considered as a caution for destructive changes in whole skeleton in CKD and CLF patients. In addition to bone changes, other study also reported different oral microflora between end stage renal disease patient and healthy people (36) .
Compared with normal population, the thickness of the inferior mandibular cortex in CKD and CLF patients is reduced. This is not affected by age and duration of the disease, but is meaningfully related to sex. The liver and kidney disease creates a uniform reduction of mandibular cortex. Panoramic views of patients must be more precisely evaluated to detect any probable changes in cortices and also trabecular patterns. It is also possible to introduce a grading system to predict the extension of changes in bones, according to the amount of changes in mandibular cortex.
Conclusion
Inferior mandibular cortex is reduced in CKD and CLF patients comparing with normal population, which is not affected by age and duration of the disease but is meaningfully related to sex. The liver and kidney disease create a uniform reduction of mandibular cortex. Panoramic views of patients must be more precisely evaluated to detect any probable changes in cortices and also trabecular patterns. It is also possible to introduce a grading system to predict the extension of changes in bones, according to the amount of changes in mandibular cortex.
Limitations of the study
Small sample size and simple radiographic technique are of our limitation.
